The work on behavior of the bees during winter, from which the practical conclusions as to the needs of bees in winter were drawn, was chiefly on temperature responses, and no data were available as to the actual heat production of the bees during this season. The work herein recorded was begun in order that the missing data might be in part obtained.
From many observations it has long been known that the duration of life of the individual worker bees is determined by the work which 1 U. S. Dept. Agr. BuL 93 (1914) 
DISCUSSION OF THE TEMPERATURE RESPONSES IN THIS
EXPERIMENT.
The colony used in the experiment here reported was taken to Washington from the suburbs some time prior to the beginning of the experiment. The bees were placed in the calorimeter and then it was found that the apparatus was defective and it was necessary to remove them. During the interval before the experiment here recorded was begun, they were placed outside where they were free to fly when the weather permitted, and they had several flights and carried out the dead bees. They were therefore in good condition at the beginning of the experiment.
For several hours after the hive was again placed in the respiration chamber, the temperatures of the hive and bees were high, chiefly as a result of the disturbance arising from the handling necessary at this time. They were put in place at 3 p. m. on December 11, and during the night the temperature of the bees on one occasion, and in one point only, rose to 35°C . During the night the temperature of both the chamber and the bees drifted down, until shortly after noon on the 12th, when they may be considered as having reached normal quiescence. Just when the bees definitely formed a winter cluster is not clear from the data, but certainly when they had reached quiescence they were clustered.
In the graphic charts of temperatures of this colony, records are included for thermocouples 6, 7, and 12, these being the ones which were in the center of the cluster, which was located near the top and slightly to one side of the hive. For comparison with these the record for thermocouple 15 to the chamber from a cylinder, the gas being introduced at a rate sufficient to maintain a certain volume in the system, as indicated by a tension equalizing device which served to keep the air in the chamber at the same barometric pressure as that of the laboratory. The quantity of gas admitted was ascertained from the loss in weight of the cylinder or by reading a meter through which the gas was passed.
This showed the quantity of oxygen consumed by the bees when correction was made for change in the residual oxygen content of the air of the chamber. In making these corrections for variations in residual gases, changes in temperature and barometric pressure of the air of the system were also taken into account. By proper attention to these means of ventilation, any desired conditions with respect to water vapor, carbon dioxid, or oxygen content of the air could be maintained.
The temperature of the air surrounding the hive could also be controlled to a certain extent.
In a space adjacent to the metal walls of the respiration chamber, and protected by a thick heatinsulating cover, were means for heating and cooling the walls ; also within the chamber was a coil of copper tubing through which cold water could be circulated to take heat from the air about the hive.
By weighing the water flowing through this coil and measuring its increase in temperature, the quantity of heat carried out could be ascertained, which, with necessary corrections for heat from other sources, would be that imparted to the air by the bees. SUMMARY.
In the colony of bees under observation in the respiration chamber the expenditure of energy was reduced to the lowest limit by the maintenance of favorable temperature and by the avoidance of all disturbing factors, so far as possible. Under these circumstances, rarely found in the apiary, the energy produced by the bees, as measured by the carbon dioxid and water produced and the oxygen consumed, was greater, according to body weight, than that produced by a man when working at hard manual labor, when we take into consideration the fact that the work was done by only a relatively few of the bees in the cluster. Even assuming that the work of the period were equally divided among the bees, their energy output per unit of body weight is higher than that of the average laborer.
When we take into consideration the fact that usually the bees do not have such favorable conditions in winter as these bees had, it is clear that the energy output is enormous in the average apiary. 
